ABSTRACT: This paper presents the latest information about the supply of iodine to meet its requirements in hens of laying type, on the basis of iodine content in egg yolk and about the importance of eggs as an iodine source in human nutrition. The Sandell-Kolthoff method was applied to determine iodine content in the yolk of eggs from 9 large flocks (54 eggs) and 16 small flocks were 307.1 ± 255.7 and 519.5 ± 508.2 µg/kg fresh matter (P < 0.01). Compared to 1996, in 2005, the iodine content in yolk increased by 123.7% in large flocks, and by 19.2% in small flocks. The iodine content in albumen was 16.2 ± 9.7 µg/kg fresh matter, and it accounted for 2.6-5.0% of the total iodine content in 1 egg. The correlation coefficient between iodine contents in yolk and albumen was r = 0.67. In the Czech Republic, 1 egg from large flocks contains on average 31.2 µg iodine while 1 egg from small flocks contains 10.0 µg. Eggs from large flocks cover 7-14% and from small flocks 2.2-4.4% of the daily iodine requirement in adults. Iodine concentrations exceeding 2 500 µg/kg yolk fresh matter in large flocks were measured between week 32 and 60 of the laying cycle and with daily intake of 0.116-0.132 mg iodine per hen.
The objective of an optimum supply of iodine to farm animals is motivated first of all by an effort to reduce losses caused by clinical forms of its deficiency, significantly influences iodine content in animal products -eggs, milk and meat. It explicitly delineates the share of foods of animal origin in the prevention of iodine deficiency in humans. With regard to their consumption and nutritional habits of the population, this group of foods is extremely important in the Czech Republic (CR) as a natural iodine source (Borkovcova and Rehurkova, 2001 ). E.g. in an experiment conducted by KrajcovicovaKudlackova et al. (2001) , nutrition based on foods of plant origin only evoked symptoms of iodine deficiency in 80% of experimental persons (urinary content of iodine below 100 µg/l) compared to 9% of persons on a conventional diet.
The iodine amount in eggs varies in relation to its intake through a feed ration while a larger portion of iodine is contained in yolk. In experiments conducted by Kroupova et al. (1999) when a diet supplemented with 0.3-0.7 mg I/kg was applied, the egg yolk of hens contained from 924.0 ± 121 µg/kg to 1 974 ± 243 µg/kg fresh matter. According to Kaufmann (1997) hen eggs contain on average 1 135 ± 205 µg iodine per kg of yolk fresh matter, and 49 ± 14 µg iodine per kg of albumen fresh matter.
E.g. Underwood (1977) or McDowell (1992) pointed to a preferential interception of iodine in the hen ovary, and to an easy passage of iodine to oocytes. Experimental knowledge of factors participating in the relatively easy iodine passage to yolk (Kroupova et al., 1999) makes it possible to control an increase in iodine content in eggs. Kaufmann et al. (1998) reported a significant linear correlation between iodine content in a feed mixture up to 5 mg/kg and iodine content in yolk (r = 0.93). The application of a feed mixture for laying hens supplemented with 3.5 mg iodine per kg in the form of potassium iodide resulted in an increase in iodine content in yolk to 18 597 µg/kg fresh matter after 47 days (Kroupova et al., 1999) . In feed mixtures used in large flocks and only scarcely in small flocks, iodine content varies in relation to proteinaceous ingredients and to the type of mineral supplement. The standardised requirement of iodine in the Czech Republic is 0.3 mg for hens of light laying type and 0.5 mg iodine per kg of dietary dry matter for hens of heavier laying type (Zelenka et al., 1993) .
The objective of this paper is to provide information on the present iodine content in consumer eggs and to evaluate eggs as a food source of iodine in human nutrition in the Czech Republic.
MATERIAL AND METHODS
In 2004, the iodine content was determined in the yolk of 54 eggs from 9 large flocks and of 96 eggs from 16 small flocks (150 eggs in total). Eggs from large flocks were bought in the outlet network. Based on our own results of iodine content in yolk and albumen, and on data of the Ministry of Agriculture of the Czech Republic on egg consumption including self-suppliers, the importance of eggs as an iodine source in human nutrition in the CR was evaluated.
The iodine concentration in egg yolk and albumen was determined by a spectrophotometric method using alkaline ashing based on the Sandell-Kolthoff reaction (Bednar et al., 1964) . The principle of the assessment is the reduction of Ce 4+ to Ce 3+ in the presence of As 3+ , and the catalytic effect of iodine. Mineralization took place in an alkaline medium at 
RESULTS
In 2004, the mean concentration of iodine in yolk fresh matter of analysed eggs from large-scale production systems in the CR was 1 014.1 ± 356.6 µg/kg, and the median value was 1 010.5 µg/kg (Table 1) . In 2005, the mean iodine content in yolk increased by 64% to 1 663.8 ± 1 179.7 µg/kg (P < 0.01), and the median value increased to 1 352.7 µg I/kg of fresh matter ( Table 2) (Tables 1 and 2 ). The increase in iodine content in egg yolk from large flocks was also documented by the proportion of eggs with an iodine content above 2 000 µg/kg: 28.2% in 2005 and only 1.9% in 2004 (Table 5) .
In comparison with large flocks, the eggs from small flocks contained approximately 3.2 times less iodine in yolk in 2005 and the variability of its content in yolk was higher, which was also reflected in higher values of the variation coefficient (Tables 3 and 4 ). E.g. in 2005, the highest mean value in small flocks was 16.4 times higher than the lowest value (flocks No. 6 and 8b, Table 4 ), while in large flocks it was only 7.2 times higher (flocks No. 3 and 8, Table 2 ). In 2004, the mean iodine content in the yolk of eggs from small flocks was 307.1 ± 255.7 µg/kg and the median value was 230.9 µg/kg, whereas in 2005 the mean value was 519.5 ± 508.2 (P < 0.01) and the median was 301.6 µg I/kg of yolk fresh matter. The increase in iodine content in the egg yolk from small flocks was documented in 2005 by the proportion of eggs with an iodine content in yolk above 1 000 µg/kg (Tables 5 and 6 Figure 2 shows the iodine content in yolk in relation to its intake through a commercial feed mixture in large flocks in 2005. With daily intake from 0.023 mg to 0.114 mg, the iodine content in the yolk of analysed eggs ranged from 967.2 to 1 822.0 µg/kg; with a higher daily intake (from The relationship between the actual week of hen laying in large flocks and iodine content in yolk (2005) is represented in Figure 3 . The mean con- centrations of iodine above 2 500 µg/kg were determined between weeks 32 and 60 of egg laying. The iodine content in egg albumen of 70 examined eggs was 16.2 ± 9.7 µg/kg fresh matter (Table 6) Figure 2 . Relation between iodine intake and iodine content in yolk albumen and yolk was expressed by the statistically significant (P < 0.01) correlation coefficient r = 0.67 and by the regression function y = 9.0004 + 0.0085x (y = iodine content in albumen, x = iodine content in yolk). Based on this regression function we calculated the expected iodine content in the fresh matter of albumen of eggs from large flocks (23.1 µg I/kg) and from small flocks (13.4 µg I/kg) in 2005. Assuming that the egg yolk weighs 18 g and the albumen weighs 34 g, one egg produced in Regression function: y = 9.0004 + 0.0085x y = iodine content in albumen x = iodine content in yolk Table 7 . Iodine content in one egg, in yolk and albumen (Table 7) .
DISCUSSION
The authors examining iodine content in the egg yolk of gallinaceous fowl (Garwin et al., 1992; Richter, 1995; Kaufmann, 1997; Kroupova et al., 1999; Ungelenk, 2000) agreed on its significant (McDowell, 1992; Zelenka et al., 1993) . E.g. in 2005, the iodine content in feed mixtures applied to the examined large flocks ranged from 0.22 to 1.18 mg/kg dietary dry matter, and except in one case (0.22 mg I/kg dry matter) it exceed almost twice the above standard. A statistically significantly higher content of iodine in the yolk of eggs from large producers (Tables 1  and 2 ) compared to small flocks (Tables 3 and 4 (Kaufmann, 1997) . The high variability of the iodine content in yolk reflects not only the real intake of iodine (Figure 2 ), but also the actual week of the laying cycle and related laying intensity and the length of the oocyte persistence in the ovary (Figure 3 ). In the interpretation of the influence of various factors on the iodine level in yolk, the regularities of homeostasis and homeorhesis cannot be neglected (Bobek, 1998; Kroupova et al., 1999) that are manifested by an increased deposition of superfluous trace elements in muscle or by their increased excretion and limited resorption.
Differences in iodine content in the yolk of consumer eggs originating from large flocks and from smaller ones are very important for the balance of iodine intake in consumers. Of the total amount of iodine contained in the egg (Table 7) , iodine in the yolk of eggs from large flocks accounts for 97.4% and iodine in small flocks for 95%. Assuming the average annual consumption of 242 eggs per capita in the CR in 2005 (Roubalova, 2005) , the eggs produced in large flocks may cover approximately 7-14% out of the 150-300 µg daily requirement of iodine in adults (Stransky and Rysava, 1997 ); it appears sufficient if the present supply of iodine from milk in the CR is considered (Kursa et al., 2005) . Besides milk, eggs produced on large farms are an important natural source of iodine in human nutrition. Further increase in the intake of iodine from feed mixtures for poultry kept on large farms is not justified from the aspect of the health and performance of laying hens, or nutrition of the existing human population in the CR as it was e.g. in milk some time ago.
Greater attention should be paid to the lower iodine content in eggs from small flocks that are frequently sought for their taste qualities, and in connection with the growing interest in bio-foods. Their consumption covers only 2.2-4.4% of the daily requirement of iodine. In 2005, the production of self-suppliers is assumed to account for 38.7% of the total egg consumption in the CR (Roubalova, 2005) . An adequate solution to the low iodine level in small flocks will be a higher supply of mineral supplements also certified for bio-production and their promotion (Jeroch and Strobel, 1999) .
